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ABSTRACT.—We describe a new species of Pristimantis in the subgenus Hypodictyon ridens Species Series
from the type locality in Parque Nacional General de División Omar Torrijos Herrera on the Cordillera
Central in central Panama. This species is similar to Pristimantis caryophyllaceus but can be differentiated
from that form by snout–vent length (female Pristimantis educatoris , 27% larger than P. caryophyllaceus),
round, globular, and projecting subarticular tubercles on all digits (not projecting in P. caryophyllaceus);
finger disk covers even, round, disk pads ovoid, toe disk covers expanded and palmate, and toe pads even
and broadened (finger and toe disk covers and pads rounded in P. caryophyllaceus); outer metatarsal tubercle
large, elongate, and projecting (obscure and small in P. caryophyllaceus). We also report and describe female
parental care of eggs.

Pristimantis is a large genus of frogs with
three subgenera and 427 species (Heinicke et al.,
2007; Hedges et al., 2008). The genus reaches its
greatest diversity in northwestern South America, where its distribution ranges from sea level
to elevations close to 4,000 m in the Andes
(Hedges et al., 2008). Twelve species of Pristimantis occur in lower Central America, including five endemic forms (Pristimantis altae,
Pristimantis cerasinus, Pristimantis museosus, Pristimantis pardalis, Pristimantis pirrensis), and
seven species are found in both Central America
and Chocoan South America (Pristimantis achatinus, Pristimantis caryophyllaceus, Pristimantis
cruentus, Pristimantis gaigeae, Pristimantis moro,
Pristimantis ridens, Pristimantis taeniatus; Heinicke et al., 2007; Hedges et al., 2008). Eight of
these species belong to the P. ridens Species
Series (subgenus Hypodictyon), with P. cerasinus
in the Pristimantis rubicundus series and Pristimantis gaigei in Pristimantis conspicillatus series
(Hedges et al., 2008). Wang et al. (2008) further
split the P. ridens Species Series by recognizing a
P. pardalis series comprised of P. altae, P.
pardalis, and P. pirrensis.
Frogs of the P. ridens Species Series possess
the following characteristics: small to moderate
size (16–45.2 mm SVL); a distinct tympanic
membrane and annulus; smooth, shagreened, or
tuberculate dorsum; coarsely areolate venter;
unwebbed toes; Toe V much longer than Toe III;
inner tarsal fold present; and vocal slits and
nuptial pads present or absent (Savage, 2002;
Hedges et al., 2008). One of the most recogniz2
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able Central American Pristimantis is the slender-bodied P. caryophyllaceus (Barbour, 1928),
which is part of the autochthonous Talamancan
herpetofauna (Savage, 1982). Barbour (1928)
collected and described P. caryophyllaceus from
La Loma, on the trail from Chiriquicito to
Boquete, on the eastern flanks of the Cordillera
de Talamanca in Chiriquı́ Province, Panama. As
currently described, P. caryophyllaceus ranges
from the Cordillera de Tilarán of Costa Rica to
the Chocóan region of Colombia and occurs in
lowland, premontane, and montane forests
from sea level to 1,900-m elevation (Myers,
1969; Savage, 2002; IUCN, 2008).
Since 1998, KRL has been conducting longterm population monitoring of the amphibian
fauna of Parque Nacional General de División
Omar Torrijos Herrera, known as El Copé
(8u409N 80u37.629W; 600–900-m elevation). During these surveys, we noticed that individuals
we were identifying as P. caryophyllaceus were
much larger than presumably conspecific individuals from Costa Rica and western Panama.
Subsequent morphological review uncovered
differences in toe pad shape, tubercle configuration, and morphometrics between populations in Costa Rica and western Panama and
those in central and eastern Panama. Herein, we
describe the population from central and eastern Panama as a new species of Pristimantis.
MATERIALS AND METHODS
We used HerpNet (2008) and Global Biodiversity Information Facility (2008) to access data
on museum holdings of P. caryophyllaceus from
AMNH, FMNH, MCZ, MVZ, and NMNH
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FIG. 1. Photo of a male Pristimantis educatoris from El Copé. This animal was not collected as part of the
studied series.

(museum abbreviations follow Leviton et al.,
1985). In addition to seven specimens deposited
at USNM, we located 19 specimens from the
LACM and seven specimens from the UMMZ
(Appendix 1). The drawings in this article of the
hands and feet were done with a camera lucida
by J. Sipiorski. We followed Savage (1987, 2002)
and Lynch and Duellman (1997) in the description of external morphology and the diagnosis
format of Mendelson et al. (2008). We determined sex by presence of vocal slits in males,
presence of eggs in females, and differences in
tympanum morphology (partially distinct and
visible in females, not visible to barely visible in
males). The tympanum characteristic was discovered on the examination of museum material; thus, we did not differentiate between sexes
in the field unless a female was gravid or
attending a clutch of eggs. We used digital
calipers (6 0.1 mm) to measure external
morphology of preserved specimens and scaled
them by snout–vent length. Standard measurements were abbreviated as follows: snout–vent
length, SVL; tibia length, TL; leg length, LL;
head length, HL; head width, HW; eye to
nostril, EN; eye to snout, ES; and eye length,
EL (Lynch and Duellman, 1997; Savage, 2002;
Savage et al., 2004). We provide measurements
of SVL from 123 live individuals that were
released after capture. These measurements
were made with dial vernier calipers in millimeters during 2000–2003 at El Copé. We
obtained mass of live animals using 5-g spring

scales (Pesola AG, Baar, Switzerland). The frogs
were placed in a plastic bag and then weighed.
We subtracted the weight of the bag to obtain
the mass of the frogs.
We analyzed the degree of morphological
difference between populations in southern
Costa Rican and western Panama (P. caryophyllaceus) and those in central and eastern Panama
(sp. nov.) using multivariate analysis of variance (MANOVA) and Discriminant Function
Analysis (DFA). We performed all analyses
with SPSS version 16.0 (SPSS Inc., Chicago)
with an a 5 0.05.
RESULTS
Pristimantis educatoris sp. nov.
Figures 1–4
Holotype.—USNM 572336—adult female; collected from forest just below the Continental
Divide on Atlantic slope; Parque Nacional G. D.
Omar Torrijos H., Coclé, Panamá (8u39.959N;
80u35.559W; 709-m elevation; Fig. 5), approximately 8 km north of El Copé, Coclé Province,
Panama, 3 July 2002, by K. R. Lips and M. J.
Ryan.
Paratypes.—All paratypes scored in our analysis are from Parque Nacional G. D. Omar
Torrijos H., Coclé, Panamá (8u39.959N;
80u35.559W; 709-m elevation): two adult males
USNM 572328 and UMMZ 152952; three adult
females USNM 572336, UMMZ 167571, and
UMMZ 167629. Additional paratypes from
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FIG. 2. Dorsal (A) and lateral (B) views of the
holotype of Pristimantis educatoris sp. nov. (USNM
572336).

Costa Rica not scored in our analysis from Cerro
Uatsi, Limón Province (9u37.209N; 82u56.109W;
600-m elevation): one adult female UCR 13133;
one adult male UCR 13004, all collected by G.
Chaves.
Diagnosis.—A thin, long-limbed, small species
with SVL of adult males 19.3–20.4 mm and of
adult females 23.3–37.7 mm (Table 1). Pristi-
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mantis educatoris differs from the other 10
members of the P. ridens Species Series by
having the following combination of characters:
presence of an enlarged superciliary tubercle, a
pointed heel tubercle, a smooth dorsum, and an
elongated snout. Pristimantis educatoris can be
distinguished from P. caryophyllaceus by mean
SVL (males 8% smaller, females 27% smaller in
P. caryophyllaceus, Table 1); projecting subarticular tubercles (nonprojecting subarticular tubercles in P. caryophyllaceus; Fig. 3); expanded,
round and even finger disks and toe pads
(broadened and rounded finger disks and toe
pads in P. caryophyllaceus; Figs. 3, 4); a large,
elongate, inner metatarsal tubercle (small, elongate, and obscure in P. caryphyllaceus); a large,
conical, projecting, outer metatarsal tubercle
(obscure, small, and rounded outer metatarsal
tubercle in P. caryophyllaceus); tip of Toe V not
reaching distal subarticular tubercle of Toe IV
(tip of Toe V reaches beyond distal subarticular
tubercle of Toe IV in P. caryophyllaceus; Fig. 4);
tip of Toe I much shorter than Toe II, not
reaching distal subarticular tubercle on Two II
(Toe I long, reaching beyond distal subarticular
tubercle of Toe II in P. caryophyllaceus; Fig. 4);
most individuals have wartlike white to yellowish spots on dorsum, arms, and lateral
surfaces (no wartlike white spots in P. caryophyllaceus, Fig 1).
Description of Holotype.—Head longer than
wide, head length 92% of HW, HL is 40% of
SVL. Snout rounded in dorsal outline and
profile, small point at tip. Eye to snout 52% of
HL, the tip of snout extends beyond nostrils;
nostril openings ovoid, opening dorsally. Canthus rostralis moderately sharp and slightly

FIG. 3. Right hand of (A) Pristimantis caryophyllaceus and (B) Pristimantis educatoris showing differences in toe
pad and disk shapes.
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FIG. 4. Left feet of (A) Pristimantis caryophyllaceus and (B) Pristimantis educatoris showing differences in toe
pad and subarticular tubercle shapes, and inner and outer metatarsal tubercles.

curved. Vomerine tooth patches triangular,
widely separated, much smaller than choanae.
Vomerine teeth are located posteriorly and
medially to choanae. The choanae are ovoid.
The tongue is pear shaped, wider in front than
behind. The upper eyelid is smooth, with a
single, enlarged pointed superciliary tubercle.
The tympanum is indistinct and the annulus
tympanicus partially visible beneath skin. The
tympanic membrane is partially visible externally. Finger II is much longer than Finger I,
relative finger length is IV 5 III . I . II; disks
on Fingers I–III expanded, disk covers are even
and palmate and disk pads are even and
broadened. Finger disks are approximately
twice as wide as digit on Fingers I–III, and
barely wider than digit on Finger IV. The
subarticular tubercles under the fingers are
ovoid, obtuse and raised at the distal margin.
The thenar tubercle is elongate and the palmar
tubercle is circular and bifid. There is no lateral
fringe on the fingers. Several small, round,
projecting tubercles form a raised ridge on
ventral trailing edge of forearm. Toe V is longer

than Toe III, the tip of Toe V does not reach the
distal subarticular tubercle on Toe IV. Toe I is
approximately half the length of Toe II. Relative
toe length is IV . V . III . II . I. The toe disk
covers are expanded and palmate with disk pads
even and broadened. The subarticular tubercles
on the toes are ovoid, projecting, and symmetrically globular. There is an indistinct lateral
fringe on the toes. Supernumerary or plantar
tubercles are absent. Toe webbing is absent.
Tarsal folds are absent. The inner metatarsal
tubercle is elongate and projecting, and is
approximately twice the size of outer metatarsal
tubercle. The outer metatarsal tubercle is round
and conical. There is a large pointed heel
tubercle. There are several small round tubercles
that form a raised ridge on the underside of the
ventral trailing edge of the tibia. The dorsal
surfaces are smooth, and the flanks are smooth
with small, scattered tubercles. The chin is
smooth, and the venter is finely granular.
Measurements of Holotype.—Measurements in
millimeters. SVL 5 33.0; HW 5 12.7; HL 5 13.2;
TL 5 18.4; LL 5 30.3; EL 5 4.3; EN 5 5.4; ES 5 6.9.
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FIG. 5. Map of Costa Rica and Panama showing distributions of Pristimantis caryophyllaceus (closed circles)
and Pristimantis educatoris (open circles with black dots).

Color in Preservative.—Dorsal ground color
medium light brown to dark brown with five
thin darker brown chevrons; fore- and hind
limbs light brown with darker lateral brown
bars and spotting. Venter immaculate off-white
including under surface of limbs; some faint
dark spotting occurs on underside of thigh and
lower forearm and occasionally on hands and
feet. Dorsum and ventral surfaces specked with
fine black dots. No contrasting pattern in the
groin or posterior surface of thigh.
Analysis of Morphological Variables.—We provide measurements and analysis of morphological variation in preserved specimens of P.
caryophyllaceus and P. educatoris (Table 1). We
used SVL-scaled measurements in multivariate
analysis of variance (MANOVA) to determine
whether differences between the two species
exist when all characters are considered simultaneously and, if differences exist, which morphological characters contribute most to differences. We also evaluated classification success
into separate taxa with discriminant function
analysis (DFA). Because TL was highly correlated with LL and EL was highly correlated

with SVL (Pearson’s r . 0.7 in both cases), TL
and EL were excluded from multivariate analyses. Kolmogorov-Smirnov tests of normality of
data for each character (calculated as percentage
of SVL) revealed that only ES differed significantly from normality (0.05 . P . 0.01).
Levene’s tests supported homogeneity of variances for all variables (P . 0.05) except for SVL.
However, homogeneity of variance-covariance
matrices was not rejected by the Box’s M-test
(M 5 40.901, F21,3337 5 1.556, P . 0.05). The
MANOVA test of differences in morphometric
measurements between the two species was
statistically significant (Pillai’s trace 5 0.539,
F6,29 5 5.651, P , 0.001). Univariate tests using
F-statistics showed that species varied significantly with respect to SVL (F1,34 5 20.931, P ,
0.001) and EN (F1,34 5 5.638, P , 0.024). The
single discriminant function based on these data
was able to correctly classify over 83% of
individuals.
Variation.—Adult males can be distinguished
from females by SVL and tympanum morphology. Males possess an indistinct to barely visible
tympanic membrane, and females possess an
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TABLE 1. Average and standard deviation of key morphological traits of Pristimantis caryophyllaceous from
Costa Rica and western Panama and Pristimantis educators from central and eastern Panama. Ranges in
parenthesis; all measurements in millimeters.
P. caryophyllaceus
= (N 5 12)

Snout–vent
Tibia length
Leg length
Head length
Head width
Eye–snout
Eye–nostril
Eye length

17.7
10.7
18.3
7.5
6.7
3.6
2.7
2.8

6
6
6
6
6
6
6
6

2.7
1.7
3.2
1.2
0.9
0.5
0.5
0.3

(12.0–21.2)
(7.2–13.0)
(12.8–22.4)
(5.4–10.0)
(4.9–7.8)
(2.5–4.2)
(1.9–3.5)
(2.2–3.3)

P. educatoris
R (N 5 9)

21.5
12.5
21.9
9.2
8.2
4.2
3.2
3.3

6
6
6
6
6
6
6
6

2.8
1.5
3.2
1.5
0.9
0.6
0.7
0.3

= (N 5 4)

(16.7–26.2)
(10.3–15.1)
(16.8–26.6)
(6.9–10.7)
(6.6–9.7)
(3.0–4.9)
(2.1–4.2)
(2.9–3.9)

indistinct but visible tympanic membrane.
Between May and August during the years
2000–2003, we made 123 captures of P. educatoris
at El Copé. We identified 22 captures as females
by their larger size or the presence of eggs
(seven were gravid and two were brooding egg
masses). The average SVL of these females was
28.6 mm (range 5 16.6–37.8 mm). Two gravid
females weighed 2.2 g (31.1 mm SVL) and 2.3 g
(33 mm SVL). All other captures (juveniles,
males, and females) ranged in SVL from 11.1–
37.8 mm (average 5 20.08 6 3.685), and two
adults had masses of 0.8 g.
Dorsal ground color varied from light tan to
medium brown with 4–5 narrow medium
brown chevrons comprised of small darker
brown tubercles forming spots that continue
onto the dorsal surfaces of limbs. The ventral
surfaces are immaculate white to off-white with
occasional faint cream colored to light brown
spotting on undersides of thighs, lower forearms, hands, and feet. There was no contrasting
pattern in groin or on posterior surface of thigh.
Some specimens have a broad middorsal cocoa
brown band (occasionally with darker brown
blotches) bordered by lighter brown laterally.
The dorsum is often speckled with dark brown
dots. Some individuals have numerous bright
white to creamy yellow spots superimposed on
raised tubercles laterally and on limbs (Fig. 1).
The iris color is variable and may be bicolored,
and a white eye-ring may be present or absent.
In some individuals, the color of top portion the
eye may range from blood red to yellow-orange,
whereas the bottom half varies between dark
purple to dark grey. Other individuals may
have a completely red, yellow, to grey eye, with
the color strongest on the outer edges of the eye
and fading in strength nearer the pupil. The
pupil is horizontal.
Etymology.—The species name honors Jay
Mathers Savage and refers to his tutoring and
fostering of multiple generations of Neotropical
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12.4
21.4
8.4
7.3
4.2
3.3
3.2

6
6
6
6
6
6
6
6

0.5
0.4
1.8
0.4
0.4
0.2
0.1
0.3

(19.3–20.4)
(12.1–12.8)
(18.8–22.7)
(8.0–8.9)
(7.0–7.7)
(4.1–4.4)
(3.2–3.4)
(2.9–3.4)

R (N 5 11)

28.5
16.3
27.8
12.0
10.8
5.7
4.6
3.9

6
6
6
6
6
6
6
6

4.9
2.4
3.7
1.6
1.8
0.8
0.7
0.5

(21.1–37.7)
(12.0–18.8)
(21.2–32.7)
(9.0–13.9)
(7.8–12.7)
(4.3–6.9)
(3.4–5.6)
(3.1–4.9)

herpetologists, including the two senior authors. The root educator refers to one who
nurtures and tutors. This name has a double
meaning because the females of this species also
nurture and care for their direct-developing
eggs.
Distribution.—Pristimantis educatoris occurs
from Santa Fé, Veraguas Province in central
Panama eastward into Colombia, at elevations of 450–1,450 m, with a disjunct population
in extreme southeast Costa Rica near the
Panama border on the Caribbean versant of
Cerro Uatsi, Bratsi, Limón Province (Fig. 5).
Specimens are needed from the area between
Fortuna and Santa Fé to more precisely determine the limits of the ranges of these two
species.
Natural History.—Myers (1969) described two
female P. caryophyllaceus brooding clutches of 19
and 25 eggs from Cerro Sapo in Darién
Province, Panama, that we reassign to P.
educatoris. We observed two females brooding
eggs at El Copé, one in May 2000 and another in
June 2001. On 18 May 2000, we encountered an
adult female P. educatoris (SVL 38.70 mm)
sleeping on top of an egg clutch with approximately 15–20 eggs. The adult and clutch were
positioned along the midvein on the distal third
of the top surface of a palm leaf approximately
3 cm wide and 98 cm above the ground. We
estimated the eggs to be at developmental
stages 1–5 (Townsend and Stewart 1985) but
were unable to ascertain an exact stage or egg
number without disturbing the attending frog.
Eyes were first noted in embryos 11 days after
discovery (stage 6 for Eleutherodactylus coqui,
Townsend and Stewart, 1985). On 14 June 2000,
28 days after the initial discovery of the
brooding frog, the adult was missing. We
turned the leaf over to count and stage the
eggs, which resulted in the immediate hatching
of the eggs which produced 15–20 froglets. We
estimated developmental period at 24–28 days
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and estimated SVL of hatchlings at 5.5 mm
using a scaled photograph.
Habitat.—At El Copé, P. educatoris is fairly
common and found in 20–30-year-old secondary forest (A. Jaslow, pers. comm.) with a welldeveloped understory of palms and herbaceous
plants. In three three-month field seasons
between 2000 and 2003, we made 123 captures
of P. educatoris. All individuals were found at
night, and 95% of captures occurred along
terrestrial trail transects, and only 5% of
captures occurred along streams. Average perch
height for terrestrial nocturnal captures was
87 cm above the ground, and most individuals
were on leaves.
DISCUSSION
Costa Rica and Panama are home to 195
species of frogs, and 13 of these species (6%)
belong to the genus Pristimantis (formerly
Eleutherodactylus) (Hedges et al., 2008; IUCN,
2009). Of the 427 species of Pristimantis, 13
species occur in Central America including P.
educatoris (IUCN, 2009).
Our analysis of morphological features supports the hypothesis that P. educatoris populations in central and eastern Panama are distinct
from P. caryophyllaceus from western Panama
and Costa Rica. This inference is consistent with
previously recognized biogeographic patterns
of differentiation between species in the Cordillera de Talamanca to the northeast and those in
the Cordillera Central more toward the east
(e.g., Myers, 1969; Savage, 1982, 2002; Wang et
al., 2008). The high valley of the Rı́o Chiriquı́
effectively separates the two mountain chains
and is a natural biogeographic break for many
montane amphibians (Myers and Duellman,
1982). For example, this region is the easternmost extent for three species of Craugastor:
Craugastor gulosus (Savage and Myers, 2002),
Craugastor rayo (Savage et al., 2004), and
Craugastor obesus (Campbell and Savage, 2000).
This report brings the total number of lower
Central American (Costa Rica and Panama) frog
species to 196, with 11 (14%) having been
described in the past seven years (Ibáñez et
al., 2001; IUCN, 2009). In the last 25 years, the
western and central highlands of Panama alone
have produced seven new species of strabomantines and Craugastor (Frost, 2008), with
many more likely to be described with additional exploration (Savage, 2002). The use of
molecular techniques, such as DNA bar coding,
is likely to facilitate the identification of cryptic
species and is especially important for the large
number of small brown leaf litter frogs of the
strabomantine and Craugastor lineages that can
be difficult to differentiate by morphology alone
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(Köhler et al., 2005; Fouquet et al., 2007). The
amphibian fauna of El Copé experienced dramatic declines that resulted in the loss of many
species and a reduction of species abundance of
more than 60% in 2004 (Lips et al., 2006).
Therefore, the discovery and recognition of
undescribed, cryptic species is particularly
important at the time of global extinction of
amphibians (Stuart et al., 2004; Wake and
Vredenburg, 2008).
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IBÁÑEZ, D. R., F. A. SOLIS, C. A. JARAMILLO, AND A. S.
RAND. 2001. An overview of the herpetology of
Panama. In J. D. Johnson, R. G. Webb, and O.
Flores-Villela (eds.), Mesoamerican Herpetology:
Systematics, Zoogeography, and Conservation,
pp. 159–170. University of Texas at El Paso, Texas.
IUCN (CONSERVATION INTERNATIONAL , AND NATURESERVE). 2008. Global Amphibian Assessment.
Available: http://www.globalamphibians.org
(Accessed: 15 June 2008).
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APPENDIX 1
Material Examined
Pristimantis (formerly Eleutherodactylus) caryophyllaceus.—Costa Rica: Provincia de San José: Bajo la
Hondura: LACM 154009 (female); LACM 154034,
LACM 154053, LACM 154071, LACM 154075 (males);
Provincia de Heredia: La Selva: LACM 154006, LACM
154081 (females), LACM 154007, LACM 154011
(males); Provincia de Cartago: Tapantı́: LACM
154062, LACM 154090, LACM 154092 (females),
LACM 154033, LACM 154056 (males); Panama:
Provincia de Chiriquı́: Fortuna: LACM 154000–001,
LACM 153997 (males); Provincia de Chiriquı́: Los
Planes: LACM 153993, LACM 153998 (females),
LACM 153999 (males).
Pristimantis educatoris.—Panama: Provincia de Veraguas: Santa Fé, Cerro Arizona UMMZ 167574,
UMMZ 155686 (females); Provincia de Coclé, Parque
Nacional General de División Omar Torrijos Herrera,
approximately 8 km north of El Copé USNM 572238,
USNM 572336, USNM 572831, SIUC H-07323, UMMZ
167571, UMMZ 167629, UMMZ 168290 (females);
UMMZ 152951–953, UMMZ 155682 (males).

